Individuals with prehypertension have a greater risk of developing hypertension and cardiovascular disease than those with normal blood pressure. Good cardiorespiratory fitness has been associated with a reduced risk for cardiovascular diseases, but whether it is related to slower progression of early atherosclerosis is unclear. We evaluated 442 women, aged 40-60 years, with resting systolic blood pressure 120-139 mmHg and diastolic blood pressure 80-89 mmHg, defined as prehypertension in cross-sectional study. Blood glucose, blood lipids and carotid intima-media thickness (CIMT) were measured at rest. Cardiorespiratory fitness (VO 2 peak) was measured by respiratory gas exchange during a treadmill exercise test. Participants were divided into three cardiorespiratory fitness levels: low, moderate, and high. The prevalence of subclinical carotid atherosclerosis was defined as a mean carotid intima-media thickness greater than the 75 th percentile. After adjustment for various confounders, a high cardiorespiratory fitness level was associated with significantly lower SBP, DBP and CIMT compared with low and moderate fitness (p < 0.05). After adjustment for established risk factors, high and moderate fitness were each associated with significantly lower odds ratios for carotid atherosclerosis 0.74 (95% CI 0.45-0.92) and 0.70 (95% CI 0.46-0.95), respectively, compared with low fitness. Our results indicate that good cardiorespiratory fitness is associated with a slower progression of early atherosclerosis in middle-aged women. These findings are important, because they emphasize that middle-aged women can be evaluated for cardiorespiratory fitness to estimate their future risk for atherosclerotic vascular diseases.
Introduction
Hypertension causes left ventricular hypertrophy, cardiac insufficiency, chronic renal insufficiency, arteriosclerosis, cerebral infarction, peripheral arterial disease, and other target organ damage, and is one of the major risk factors for cardiovascular disease (Gray et al. 2011; Mozaffarian et al. 2015) .
The seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-7) defined prehypertension as a systolic blood pressure (SBP) from 120 to 139 mmHg and/or a diastolic blood pressure (DBP) from 80 to 89 mmHg. This criterion is based on a finding that the risk for cerebral infarction and coronary artery disease doubles for every 20 mmHg increase in SBP/DBP, starting from an initial pressure of 115/75 mmHg (Chobanian et al. 2003) . The Strong Heart Study has reported that the four-year incidence of hypertension at the prehypertension stage is 38% (De Marco et al. 2009 ). The Framingham Heart Study has reported that prehypertensive patients have double the risk for progression to hypertension compared with those who have normal BP (Vasan et al. 2001) . In addition, an 18-year-long large-scale longitudinal study in the United States has reported that prehypertension is an independent risk factor for major cardiovascular diseases (Liszka et al. 2005) .
Carotid artery intima-media thickness (CIMT) is an index for evaluating the structural degeneration of arteries. An increase in CIMT is related not only to the risk for atherosclerotic diseases including coronary artery disease, and cardiovascular and cerebrovascular diseases but also to high mortality; therefore, delaying an increase in CIMT is important for disease prevention (O'Leary et al. 1999; Crouse et al. 2004; Kablak-Ziembicka et al. 2008) .
Previous studies reported that hypertension is directly related to an increase in CIMT, and that it accelerates this increase (Pasha et al. 2011 ). In addition, decreased arterial elasticity, increased CIMT and increased development of atherosclerosis were observed in the prehypertension group (Ninomiya et al. 2007 ). Therefore, hypertension increases the risk, not only for cardiovascular diseases, but also for cerebrovascular diseases (Hsia et al. 2007; De Marco et al. 2009 ).
Cardiorespiratory fitness (CRF) is a well-known marker for the risk of cardiovascular diseases: mortality rates are higher for patients with low CRF than for those with relatively high CRF (Berry et al. 2011; Sui et al. 2007 ). There was a strong inverse association between CRF and CIMT that when the CRF is increased, the CIMT value becomes decreased (Scholl et al 2015) . Lakka et al. (2001) reported that good cardiorespiratory is associated with slower progression of early atherosclerosis in middle-age men. Jae et al. (2007) , in their study of middle-aged patients with hypertension, have reported that people with low fitness are at relatively high risk for arteriosclerosis caused by increased CIMT, emphasizing the importance of CRF in hypertensive patients. Given the association of hypertension with CRF and an increase in CIMT, reviewing the association between CRF and CIMT in prehypertensive patients is important for preventing arteriosclerosis. However, only a few studies have investigated the association between prehypertension and CRF, and they focused mostly on male patients.
In this study, we hypothesized that CIMT might be related to CRF level in middle-aged, prehypertensive women. Therefore, the purpose of this study was to investigate the relationship between CRF measured in terms of peak oxygen uptake (VO 2 peak) and CIMT in middle-aged, prehypertensive women. We also investigated to compare the differences in blood pressure, serum lipid, and CIMT according to the level of CRF measurement at prehypertensive stage.
Methods

Participants
The subjects who underwent a general health examination at Samsung Medical Center Health Medical Center in S. Korea between March 2015 and December 2016, were eligible for this cross-sectional study. These general health examinations: used for the prevention and/or early detection of disease, consisted of a general physical examination, anthropometric measurements, BP, electrocardiography, blood analysis, carotid ultrasound, and an exercise stress test with concurrent metabolic gas analysis. All testing was completed at once. Informed consent was obtained from all patients before health screening and the study was approved by the Samsung medical center institutional review board. From a total sample of 1,273 women, we excluded women with symptom of angina, abnormal electro cardio graphic, changes during exercise stress testing or diagnosis of cardiovascular disease (coronary heart disease, stroke) (n = 57). In addition, we excluded the previous history of hypertension, use of antihypertensive medication (n = 254). Finally, our analysis sample subjects were selected within 442 women (age 40-60 years), with prehypertension.
Laboratory tests included total cholesterol, triglycerides, highdensity lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C) and fasting glucose. Blood samples were collected following a 12-h overnight fast and were analyzed by the hospital's clinical laboratory.
Blood pressure measurement SBP and DBP were measured in the supine position using a digital BP monitor (Dinamap PRO 100, Milwaukee, USA) during quiet rest. Participants rested for at least 5 minutes before the measurements. Brachial BP measurements were repeated until two values within 5 mmHg of each other were obtained. The prehypertensive group was defined as those with SBP 120-139 mmHg and DBP 80-89 mmHg, according to the BP classification of the JNC-7 report (Chobanian et al. 2003) .
Assessment of cardiorespiratory fitness
CRF was measured directly in terms of VO 2 peak during maximal or symptom-limited treadmill testing (Quinton 4500; Cardiac Science Corp., Bothel, Washington, USA). VO 2 peak analysis was based on dynamic breath-by-breath measurements using a JARGER system (VIASYS Healthcare, Hoecherg, Germany). Exercise heart rate (HR) was recorded continuously and exercise BP was assessed at the end of each stage and at peak exercise. VO 2 peak was defined as the highest value for the plateau in oxygen uptake and was indexed by body weight (mL/kg per minute). Subjects were divided into three CRF groups: low, moderate, and high. The least fit 20% in each group were classified as having low fitness, the next 40% as moderate fitness, and the top 40% as high fitness, as previously reported (Blair et al. 1996; Lee et al. 1999) . The women who has normal range of BP response has the average of VO2peak (27.7 ± 5.4 mL/kg/min), and the other women who has prehypertension has the average of VO2peak (27.2 ± 4.8 mL/kg/min) which means there are no significant different each groups.
Carotid atherosclerosis
Carotid artery ultrasound imaging was performed using a highresolution B-mode ultrasound system (Logiq 7, GE Medical System, USA) with a 5-13 MHz linear array transducer. Both the right and left common carotid artery, the carotid bifurcation, and the internal carotid artery were measured by an experienced ultrasonography technician who was unaware of the subject's clinical information. With the subject in a supine position, each segment of the carotid arteries was imaged in both the transverse and longitudinal planes. The CIMT was defined as the distance between the leading edge of the lumen-intima interface and the leading edge of the media-adventitia interface of the far wall of the carotid artery. All measurements were made at end diastole. The CIMT of the common carotid artery was determined from an average of five measurements of a 10-mm segment (separated by 2 mm intervals) obtained 2 cm proximally to the carotid bifurcation. The CIMT of the internal carotid artery was measured in the proximal 1 cm. The overall maximum CIMT was defined as the mean of the maximum intima-media thickness and averaged for the left and right sides. The prevalence of subclinical atherosclerosis was defined as a mean CIMT more than the seventyfifth percentile for each age group (Lester et al. 2009 ).
Statistical analysis
Data are expressed as mean ± SD for continuous variables and as number (percent) for categorical variables. Differences among the three CRF levels in cardiovascular risk factors related to BP, dyslipidemia and CIMT were examined by one-way analysis of variance. Tukey post-hoc analyses were used to test for differences between CRF level groups. To determine the associations between prehypertension, CIMT, and fitness, odds ratios (OR) and 95% confidence intervals (CI) were calculated using multivariate logistic regression models, after adjustment for age, body mass index (BMI), LDL-C, and resting HR. Statistical significance was set at p < 0.05, and analyses were performed using SPSS 21.0 (SPSS Inc., Chicago, IL, USA). Table 1 lists the characteristics of the participants stratified by fitness level. The VO 2 peak values corresponding with the fitness categories were as follows: low fitness, 21.4 ± 2.7 mL/kg/min (n = 115); moderate fitness 26.8 ± 2.5 mL/kg/min (n = 175); and high fitness, 32.0 ± 2.6 mL/kg/ min (n = 152). The women in the low-fitness group had higher BMI, SBP, DBP, and maximum BP compared to moderately and highly fit women (p < 0.05).
Results
For LDL-C, the low-fitness group had the highest value and the high-fitness group had the lowest value, resulting in a significant difference between the three groups (p < 0.05). The value of CIMT was also greatest in the low-fitness group and smallest in the high-fitness group, with a significant difference between the groups (p < 0.05). Fig. 1 group (0.76 ± 0.15 mm), CIMT was reduced in the moderate-and high-fitness groups (0.67 ± 0.16 and 0.65 ± 0.15 mm; p < 0.001). Table 2 shows the logistic regression analysis according to fitness group. In an unadjusted model, subjects with high fitness were 36% less likely (OR, 0.64; 95 % CI, 0.48-0.86) to have carotid atherosclerosis (CIMT > 75 th percentile) than subjects in the low-fitness group (p < 0.001). After adjustment for established risk factors (age, BMI, LDL-C, white blood cell count, SBP, DBP, fibrinogen, HR, glucose) high and moderate fitness were each associated with significantly lower odds of having carotid atherosclerosis: 0.74 (95% CI 0.45-0.92) and 0.70 (95% CI 0.46-0.95), respectively, compared with low fitness.
Discussion
In this study, CIMT measured using carotid artery ultrasound imaging in middle-aged prehypertensive women significantly increased as CRF decreased (p < 0.001), indicating that physical strength may be an important factor that can lower the risk of cardiovascular diseases in middleaged, prehypertensive women.
JNC-7 implicated aging, diabetes, high BMI, smoking, hypercholesterolemia, past history of myocardial infarction, cardiac insufficiency, and cerebral infarction as risk factors for cardiovascular diseases. However, it was noted that the association between myocardial infarction and cardiovascular diseases can be explained in only 50% of patients with coronary artery disease (Hennekens 1998) . Therefore, studies have begun to focus, not only on the classical risk factors for cardiovascular diseases, but also on structural and functional damage to blood vessels. In previous studies of blood vessel damage that occurs during the prehypertensive stage, aortic elasticity measured by echocardiography was reduced to similar degrees in young adults with prehypertension and those with hypertension (Celik et al. 2006 ). In addition, aortic dilation assessed by magnetic resonance imaging and intravascular ultrasound was significantly reduced in the prehypertensive group (Toikka et al. 2002) . In the prehypertensive group, increased CIMT, new development of atherosclerosis, and reduced diastolic function were observed (Ninomiya et al. 2007 ). In addition, a longitudinal study of prehypertensive patients found that they were at high risk for cardiovascular diseases and stroke (Liszka et al. 2005; De Marco et al. 2009 ). Table 2 . Logistic regression odds ratios (95% confidence interval) for carotid atherosclerosis in relation to cardiorespiratory fitness.
Adjusted for age, body mass index, systolic blood pressure, low-density lipoprotein cholesterol, white blood cell count, fibrinogen, heart rate, and glucose.
In the present study, CIMT was significantly elevated among middle-aged prehypertensive women. This finding is consistent with that of Pasha et al. (2011) , who compared CIMT among patients with various levels of BP, and found higher CIMT among hypertensive patients, even after the measurements had been adjusted for other variables. The results of rabbit aortic wall have been reported that changes in the level of pressure applied to arterial walls induce lipoprotein oxidation, which leads to arterial stiffness (Meyer et al. 1996) . In addition, the clinical study of cardiovascular disease-free adults has total antioxidant capacity decreases and levels of oxidized lipoprotein increase as BP increases (Chrysohoou et al. 2007) . Such an imbalance between lipoprotein oxidation and anti-oxidation causes the carotid arteries to stiffen (Demirbag et al. 2006) . These findings suggest that hypertension can affect blood vessels and increase CIMT.
Maximal oxygen intake, which is a measure of CRF, is associated with the risk for premature death due to ischemic heart disease, cardiovascular disease, and stroke (Sieverdes et al. 2010; Berry et al. 2011) . CRF has recently been reported to be associated with CIMT. Gando et al. (2011) divided 771 healthy adults aged 18-80 years into two groups (fit and unfit), and compared their CIMT. They reported significantly low values of CIMT in subjects with high CRF (Gando et al. 2011) . Scholl et al. (2015) reported that 7,300 middle-aged German subjects had been analyzed the result that Cardiorespiratory fitness is a major determinant of common CIMT. Improved CRF does slightly, but not completely, abolish the adverse consequences of cardiovascular disease risk factors on common CIMT. Jae et al. (2007) also investigated the relationship between CRF and arteriosclerosis caused by increased CIMT in 2,532 middleaged, hypertensive men. They found that subjects with low levels of maximal oxygen intake were at higher risk for arteriosclerosis than those with higher levels of maximal oxygen intake.
In the present study, patients were divided into three groups according to their CRF for comparison of BP and serum lipids. Significant differences in BP, LDL-C, and CIMT were found according to CRF. With regard to the differences in CIMT according to the level of CRF, the group with the lowest oxygen intake had the highest CIMT, while the group with highest oxygen intake had the lowest CIMT. Therefore, low CRF contributed to an increase in CIMT in middle-aged prehypertensive women.
The cardioprotective mechanisms of cardiorespiratory fitness are likely multifactorial. As demonstrated by previous studies, increased physical activity and fitness level have been improved to prevent overall cardiovascular risk (Bauer et al. 2009; Scholl et al. 2015) . In this study, the cardiovascular risk profile is also indicated that the risk factor is lower in the higher fitness group. In addition, the important cardioprotective mechanism may be through an inverse relationship with vascular inflammation. In several cohort studies, there are significant reductions in markers of inflammation from higher fitness group (Abramson and Vaccarino 2002; Church et al. 2002) We acknowledge several methodological limitation of our study. Give the cross sectional design, we were also unable to determine causality. Our sample included only women, so we are unable to determine whether this association extends to women. We also did not control for diet status, including alcohol consumption. The effect of alcohol consumption or other dietary factors may potentially confound the relationship between cardiorespiratory fitness and carotid atherosclerosis. Also, future studies are needed to prospectively evaluate this association in population sample.
In conclusion, the present study compared the relationship between CIMT, a predictive factor for cardiovascular diseases, and CRF in middle-aged prehypertensive women. A significant inverse relationship was found between CIMT and high CRF in middle-aged, hypertensive women. BP was positively correlated with CIMT. Therefore, by maintaining stable levels of BP, and high levels of oxygen intake through regular exercise, middle-aged women may be able to delay an increase in CIMT, and prevent cardiovascular diseases. Therefore, by maintaining stable levels of BP, and high levels of oxygen intake through regular exercise, middle-aged women may be able to delay an increase in CIMT, and prevent cardiovascular diseases.
